Background/rationale There is growing evidence that different resurfacing implants are associated with variable survival and revision rates. A registry analysis indicated the Durom resurfacing implant had high revision rates at 5 years, whereas three original studies reported low revision rates at short-term followups. Thus, the revision rates appear controversial. Questions/purposes We therefore assessed (1) the survivorship including differences between women and men at a mean of 5 years after resurfacing with the Durom implant, and (2) clinical scores and radiographic parameters. Patients and Methods We prospectively followed all 100 Durom hip resurfacings implanted in 91 patients (25 women and 66 men; mean age, 52 years) between 2003 and 2004. Survivorship analysis was performed with pending revision or revision for any reason as the endpoint. The minimum followup was 47 months (mean, 60 months; range, 47-72 months).
Introduction
Hip resurfacing arthroplasty (HRA) using new bearing materials was reintroduced more than one decade ago [26] . Although complications such as femoral neck fractures [37] , femoral component loosening [36] , and questions regarding the biologic effects of elevated metal ion levels and metal debris [10, 12, 22, 23] have become the focus of some studies, HRA is still regularly performed. This is because metal-on-metal HRA offers several conceptual advantages over conventional stem type THA, such as improved joint stability, lower volumetric wear, less femoral bone resection, and a more physiologic load transfer on the proximal femur. These features make HRA particularly interesting for younger and more active patients seeking joint replacement surgery [28, 29] . Survival rates between 94% and 100% at 4 to 7 years have been reported Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. [8] , and these results together with the conceptual features led to an escalated development of new implants by almost all orthopaedic companies. However, there is growing evidence that different HRA implants perform variably well in terms of survival and revision rates [33] . Data from the Australian Joint Registry suggest that the BHR (Smith & Nephew, London, UK) has the lowest 5-year revision rate, whereas higher rates of 8% to 10% have been reported for the ASR (DePuy, Warsaw, IN, USA), Conserve Plus (Wright Medical Technology, Arlington, TN, USA), and Cormet 2000 HAP (Corin Group, Cirencester, UK) [33] . The Durom resurfacing implant (Zimmer. Warsaw, IN, USA) had a 5-year cumulative revision rate of 6.7% [33] . Conversely, three original reports using the Durom HRA reported revisions in only 2.3% to 3.5% at a short-term followup [11, 13, 14] . The Durom resurfacing prosthesis, which differs in the design and manufacturing process from the large-diameter head metal-on-metal THA device made in the US that was associated with high failure rates [21] , was launched and approved for HRA in Europe and Australia in 2003. At our institution, the Durom HRA (Zimmer, Winterthur, Switzerland) has been implanted since it became available to us.
We therefore addressed the above-mentioned controversy by (1) assessing the survivorship including differences between females and males at a mean of 5 years after surgery, and (2) assessing clinical scores and radiographic parameters.
Patients and Methods
We prospectively followed the first 91 patients who underwent 100 Durom resurfacings (25 women with 30 HRAs and 66 men with 70 HRAs, 50 left hips and 50 right hips) between June 2003 and December 2004. During the same period, there were 700 primary stem-type THAs performed at our institution. Resurfacing was indicated on an individual basis, but we usually included younger patients with an active lifestyle, good bone quality, or patients explicitly requesting HRA. We performed no HRA in patients with severe deformities of the proximal femur, such as severe valgus or varus alignment, excessive antetorsion, or severe head deformities. The mean age of the patients at the time of surgery was 52 ± 9.9 years (range, 20-72 years). Their mean height was 173 ± 7.4 cm (range, 157-190 cm), mean weight was 77.2 ± 12.6 kg (range, 53-104 kg), and mean body mass index (BMI) was 25.7 ± 3.5 kg/m 2 (range, 19.2-35.1 kg/m 2 ). Underlying diagnoses were primary osteoarthritis (OA) in 79 hips, developmental dysplasia in nine, osteonecrosis in six, posttraumatic OA in four, and inflammatory OA in two. Patients were followed for 4 to 6 years or until failure occurred. Failure was defined as revision or pending revision for any reason. Three patients (four hips) declined to return for the 5-year followup owing to various reasons. These patients were contacted by phone to ensure they underwent no revision surgery. Baseline demographics of these three patients were similar to those for the study cohort, but their data were not included in the clinical and radiographic analyses. The minimum followup was 47 months (mean, 60 months; range, 47-72 months). The study was approved by the local ethical committee and written informed consent was obtained.
The Durom implant has a cobalt-chrome acetabular component with a titanium vacuum plasma spray coating. The cup has a wall thickness of 4 mm, a flattened pole, and a peripheral flare fin. It does not represent a full hemisphere (165°) for all sizes. The femoral components are available in 2-mm increments and match one cup size, which is always 6 mm larger.
All surgery was performed by two senior surgeons (UM, OH). In all cases, surgery was performed using a posterior approach; preoperative templating was performed. Peripheral osteophytes were removed back to the implant rim after placement of the definitive cup to assure bony coverage particularly at the anterior wall. We sequentially reamed the acetabulum in 2-mm increments up to the intended component size (ie, no underreaming). We always used trial cups. Both surgeons followed similar surgical steps, with implantation of the acetabular component after defining the minimum size of the femoral component.
All patients received perioperative antibiotic prophylaxis using a second-generation cephalosporin, and prevention of thromboembolism was through daily lowmolecular-weight heparin application for 4 weeks postoperatively. No radiation or indomethacin prevention for heterotopic ossifications was administered. All patients started walking on the first postoperative day with weightbearing allowed as tolerated. Crutches were used for 4 to 6 weeks after surgery. Physiotherapy, one to two times per week, was prescribed, when necessary, after 6 weeks with passive and active ROM and hip abductor strengthening exercises. At the same time, sensory-motor exercises were emphasized to promote neuromuscular control of the pelvis and lower extremity.
Followups were scheduled postoperatively at 6 weeks, 1 year, 2 years, and 5 years. All complications, revisions, ROM, and HHS were prospectively determined. The German versions of the UCLA activity scale [27] and OHS [30] were administered at the last followup.
One of us (RP) evaluated femoral component and cup positions on standardized AP and lateral cross-table radiographs (preoperative neck-shaft-angle [NSA], postoperative stem-shaft-angle [SSA], cup inclination) [5] . To assess biomechanical restoration of the hip, we calculated the hip lever arm ratio (abductor moment arm divided by body moment arm) and measured the femoral offset (distance between the femoral shaft axis and the femoral head center) [5] . Heterotopic ossifications were determined according to the classification described by Brooker et al. [7] . Radiolucent lines greater than 1 mm in thickness around the acetabular cup were recorded in the three zones of DeLee and Charnley [9] . For femoral radiolucencies, we used the pedestal sign rating described by Pollard et al. [32] . Femoral neck narrowing was determined by comparing the neck to prosthesis ratios seen on the first postoperative radiographs with those seen on radiographs obtained at the last followup [35] . Radiographic data of the revision cases were obtained from the last followup, before the revision.
Survivorship was calculated according to the Kaplan-Meier method with pending revision or revision for any reason as the endpoint. Survivorship was compared between female and male patients using the log-rank test. The four hips without complete followup data were eliminated from the study at the time of their last clinical and radiographic followup; at the time of last followup none of these four hips had recognized complications and none had been revised. Differences between preoperative and postoperative HHS, ROM, and radiographic parameters were analyzed using two-tailed t-tests after testing for normal distribution (Shapiro-Wilk W test). Unless otherwise stated, all values are presented as the mean ± standard deviation (SD). Statistical analyses were performed using SPSS (Version 14, SPSS Inc, Chicago, IL, USA).
Results
Survival at 5 years with revision or pending revision for any reason as the endpoint was 88.2% for all patients (95% CI = 84.3%-92.1%) ( Fig. 1) , 81.5% for women (95% CI = 71.1%-91.9%), and 90.8% for men (95% CI 85.5%-96.1%) ( Fig. 2 ). Nine revision surgeries were performed during the first 5 years. Two hips had signs of clinical and/ or radiographic failure and underwent revision owing to femoral component loosening 64 and 68 months after HRA. Overall, revisions were necessary in 16.7% of women and 8.6% of men (Table 1) . Four patients had femoral neck fractures, two had femoral loosening (Fig. 3) , one had cup loosening ( Fig. 4) , two had impingement, and two had persistent pain. We found no differences between patients who had revision surgery and those who did not have revision surgery in terms of age, height, weight, BMI, ROM, head size, cup inclination, and SSA. No pseudotumors occurred in this cohort.
Clinically, ROM and HHS were improved (Table 2) . Radiographically, the SSA of the femoral component was 135.7°± 7.4°(range, 115.0°to 155.9°) compared to a Fig. 1 The graph shows the Kaplan-Meier survival curve with revision or pending revision for any reason as the endpoint. Cumulative survival at 5 years was 88.2% (95% CI = 84.3%-92.1%) for all patients. Fig. 2 The graph shows the Kaplan-Meier survival curve with revision or pending revision for any reason as the endpoint. Cumulative survival at 5 years was similar (log-rank, p = 0.2) for women and men: 81.5% (95% CI = 71.1%-91.9%) and 90.8% (95% CI 85.5%-96.1%), respectively. preoperative NSA of 129.6°± 6.3°(range, 113.6°to 150.9°) (p\ 0.001). The mean cup inclination was 45.4°± 8.4°(range, 30°-70.8°). The femoral offset remained unchanged (p = 0.06): a mean of 48.9 mm preoperatively versus 50.4 mm postoperatively. Hip lever arm ratios increased (p \ 0.001) from 0.59 ± 0.08 (range, 0.40-0.79) to 0.62 ± 0.08 (range, 0.43-0.80). Heterotopic ossifications were seen in 22 of the 96 hips (22.9%) followed until failure or until the last followup (16 [16.7%] Grade I, five [5.2%] Grade II, and one [1%] Grade III). Acetabular radiolucencies in zone I were detected in two hips (2.1%), in zone II in five hips (5.2%), and in both zones in another five hips (5.2%). The one hip revised for cup loosening had radiolucencies in all three zones. A type I pedestal sign, corresponding to a sclerotic line around the tip of the femoral component was detected in 34 of the hips (35.4%), a type IIa was seen in one hip (1%), and a type III (radiolucency surrounding the entire short stem) was seen in four hips (4.2%). All hips with a type III pedestal sign underwent revision. The prosthesis-to-neck ratio decreased (p \ 0.001) from 0.85 ± 0.04 (range, 0.74-0.96) to 0.82 ± 0.05 (range, 0.61-0.92). A decrease of the ratio exceeding 10% (Fig. 5 ) was seen in eight hips (8.3%).
In three hips, an undisplaced fracture of the acetabular rim occurred while seating the cup. These patients were mobilized with partial weightbearing of half their body weight for 4 weeks postoperatively. None of these hips was revised until the last followup. A temporary hypoesthesia of the lateral femoral cutaneous nerve occurred in one patient that resolved within 6 weeks.
Discussion
Results from nationwide registries indicated different HRA implants performed variably well in terms of survival and revision rates [33] . Data from the Australian Joint Registry suggest that the Durom resurfacing implant had a 5-year cumulative revision rate of 6.7% [33] . Conversely, three original reports using the Durom HRA reported revisions in only 2.3% to 3.5% at a short-term followup [11, 13, 14] . We used the Durom HRA since its became available to us and in the current study, we addressed the above-mentioned controversy by (1) assessing the survivorship (with pending revision or revision for any reason as the endpoint) including differences between females and males at a mean of 5 years after surgery, and (2) assessing clinical scores and radiographic parameters. Before interpreting the following results, several limitations must be considered. First, we have no information regarding histologic analyses of the revised components, which could partially explain some of the failure patterns. Second, some outcome scores were determined only at the final followup, because these measures previously were unavailable in German [27, 30] . Third, three patients (four hips) were lost before the final followup. Although we tried to overcome this limitation by contacting these patients by phone to ensure they underwent no revision surgery, any Fig. 3 The radiograph of a female patient (Patient 10, Table 1 ) with femoral loosening shows a radiolucent line surrounding the entire femoral stem (white arrows). The patient had revision surgery 4 months later. Fig. 4 The radiograph of a female patient (Patient 6, Table 1 ) with cup loosening shows a radiolucency surrounding the entire cup (white arrows). The patient underwent revision surgery 19 months after HRA. pending revision (ie, radiographic signs of loosening) could not be assessed. Finally, we investigated only one implant, so our results do not allow for conclusions regarding the superiority of any HRA prosthesis. We found a 5-year survival rate of the Durom HRA of 88.2% with revision or pending revision for any reason as the endpoint. Eleven of the 100 patients had to undergo revision surgery owing to various reasons, but mainly related to the femoral component. Based on the results of the Australian Joint Registry, Prosser et al. [33] showed that revisions after Durom HRA increased from 3% at 2 years, to 4.7% at 3 years, and to 6.7% (95% CI 4.7-9.7%) at 5 years. Three previous studies also investigated the Durom HRA, and all three reported lower revision rates ranging from 2.3% to 3.5% [11, 14, 15] . Gravius et al. [13, 14] reported on two series of 59 and 82 cases with mean followups of 25 and 29 months, respectively. They performed revision surgeries owing to one femoral neck fracture and one Brooker Grade III ossification, and another revision was recommended for impingement at the head-neck junction, but was not performed [13, 14] . A larger series with 134 hips was reported by Goronzy et al. [11] . They reported three revisions (2.3%) at a mean followup of 29 months; one femoral neck fracture, one femoral loosening, and one septic loosening [11] . Overall, the failure modes observed in our study are well known and were proportionally similar to those reported from national registries (Australia, England-Wales, Sweden): femoral neck fracture accounted for 37% of the revisions, component loosening for 27%, persistent pain for 18%, and impingement for 18% [8] . Also in line with other studies, female patients had an increased failure risk; revisions were necessary in 17% of women after 5 years [3, 18] . However, in contrast to previous findings, smaller femoral head size was not associated with an increased risk for revision, at least after 5 years [3, 33, 34] . We assume that these differing results in terms of revision rates are related mainly to the followup time, as shown by the registry data [33] . Although complications such as femoral neck fractures occur relatively early after surgery, revisions attributable to loosening may be required later. The latest revisions in our series were loosening related. Unfortunately, we cannot draw valid conclusions in comparison with other HRA implants as our series focused only on the Durom prosthesis. However, better outcomes in terms of failure or revision have been reported for the BHR; 4-to 7-year survival rates varied between 94% and 100% [15, 16, 24, 31, 32, 38, 39] . The data from the Australian Joint Registry also suggested that the BHR has the lowest 5-year revision rate of all devices compared [33] . Future comparative studies with adequate followup are warranted to identify possible superiority of any HRA implant.
The clinical results in terms of ROM, hip scores, and activity levels compared well with those reported by others [15, 16, 24, 31, 32, 38, 39] . Radiographically, sclerotic changes around the short femoral stem (pedestal sign) were detected in 40% of the hips, which is less than the 60% reported by Pollard et al. [32] . However, the clinical relevance of these changes, as long as they remain localized around the stem's tip, are unknown [32] . More important might be the occurrence of femoral neck thinning [17, 19, 35] . The ratios reported by Spencer et al. (0.87 preoperatively, 0.81 postoperatively) [35] are largely the same as those observed in our study (0.85 and 0.82, respectively). Although a relation between femoral neck thinning and failure has not been proven, the two hips with femoral loosening in our series had prosthesis-neck ratios reduced by 23% and 17% before revision. One explanation for narrowing of the neck might be a compromised blood supply. There is increasing evidence that the posterior approach (most frequently used for HRA) and preparation of the proximal femur can impair the blood supply to the femoral head [2, 4, 6, 20] . Studies comparing neck narrowing after HRA with different approaches (eg, the posterior approach and the surgical hip dislocation) would be of interest, considering that progressive neck thinning might lead to later complications.
Eleven revisions in 100 hips were required at a mean of 5 years after HRA with the Durom implant, corresponding to a survival rate of only 88.2%. Women had an even higher revision rate of 17%. Progressive femoral neck thinning was observed frequently which might lead to additional future problems. Although most of the revisions performed in our series could not be attributed directly to the implant, we stopped using the Durom prosthesis for HRA. We presumed a combination of factors such as the surgical approach diminishing the blood supply to the proximal femur, implant characteristics related to tribology and fixation, and implantation technique were responsible for the high revision rate. Considering the aforementioned, standard THA using established implants is as an excellent treatment option, even for younger patients with hip OA [1, 25] .
